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Measurement of the cross section for e+e− → Ξ−Ξ¯+ and observation of an excited Ξ baryon
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Using a total of 11.0 fb−1 of e+e− collision data with center-of-mass energies between 4.009 GeV and
4.6 GeV and collected with the BESIII detector at BEPCII, we measure fifteen exclusive cross sections and
effective form factors for the process e+e− → Ξ−Ξ¯+ by means of a single baryon-tag method. After per-
forming a fit to the dressed cross section of e+e− → Ξ−Ξ¯+, no significant ψ(4230) or ψ(4260) resonance
is observed in the Ξ−Ξ¯+ final states, and upper limits at the 90% confidence level on ΓeeB for the processes
ψ(4230)/ψ(4260) → Ξ−Ξ¯+ are determined. In addition, an excited Ξ baryon at 1820 MeV/c2 is observed with
a statistical significance of 5.1σ, and the mass and width are measured to beM = (1825.5±4.7±4.7) MeV/c2
and Γ = (17.0± 15.0± 7.9) MeV, which confirms the existence of the JP = 3
2
−
state Ξ(1820).
PACS numbers: 13.20.Gd,13.30.-a, 14.20.Pt
In the last decade, a series of charmonium-like states have1
been observed at e+e− colliders. The study of the pro-2
duction of charmonium-like states with the quantum number3
JPC = 1−− above open charm threshold in e+e− annihi-4
4lations and their subsequent two-body hadronic decays pro-5
vides a test for QCD calculations [1, 2]. According to poten-6
tial models, there are five vector charmonium states between7
the 1D state (ψ(3773)) and 4.7 GeV/c2, namely, the 3S, 2D,8
4S, 3D, and 5S states [1]. From experimental studies, be-9
sides the three well-established structures observed in the in-10
clusive hadronic cross section [3], i.e., ψ(4040), ψ(4160), and11
ψ(4415), five new states, i.e., ψ(4230), ψ(4260), ψ(4360),12
ψ(4634) and ψ(4660) have been reported in initial state ra-13
diation (ISR) processes, i.e., e+e− → γISRπ+π−J/ψ or14
e+e− → γISRπ+π−ψ(3686) at the B factories [4] or in di-15
rect production processes at the CLEO [5] and BESIII exper-16
iments [6]. Surprisingly, up to now, no evidence for baryon17
anti-baryon pairs above open charm production associated18
with these states has been found except for the ψ(4634) reso-19
nance observed in Λ+c Λ¯
−
c [7]. Although the BESIII Collab-20
oration previously performed a search for baryonic decays21
of ψ(4040) [8], including Ξ−Ξ¯+ final states based on a full22
reconstruction method, no candidates were observed. The23
overpopulation of structures in this mass region and the mis-24
match of the properties between the potential model predic-25
tions and experimental measurements make them good candi-26
dates for exotic states. Various scenarios, which interpret one27
or some of them as hybrid states, tetraquark states, or molec-28
ular states [9], have been proposed.29
The electromagnetic structure of hadrons, parameterized in30
terms of electromagnetic form factors (EMFFs) [10], provides31
a key to understanding QCD effects in bound states. While32
the nucleon has been studied rigorously for more than sixty33
years, new techniques and the availability of data with larger34
statistics from modern facilities have given rise to a renewed35
interest in the field, i.e., the proton radius puzzle [11]. The ac-36
cess to hyperon structure by EMFFs provides an extra dimen-37
sion that inspires measurements of exclusive cross sections38
and EMFFs for baryon anti-baryon pairs above open charm39
threshold.40
The constituent quark model has been very successful in41
describing the ground state of the flavor SU(3) octet and decu-42
plet baryons [3, 12]. However, some observed excited states43
do not agree well with the theoretical prediction. It is thus44
important to study such unusual states, both to probe the lim-45
itation of the quark models and to spot unrevealed aspects of46
the QCD description of the structure of hadron resonances.47
Intriguingly, the Ξ resonances with strangeness S = −2 may48
provide important information on the latter aspect. Although,49
there has been significant progress in the experimental stud-50
ies of charmed baryons by the BaBar [13], LHCb [14], and51
Belle [15, 16] collaborations, doubly-charm baryons by the52
LHCb collaboration [17], doubly-strange baryons by the Belle53
collaboration [18, 19], the studies of excited Ξ states are still54
sparse [3]. Neither the first radial excitation with spin-parity55
of JP = 12
+
nor a first orbital excitation with JP = 12
−
have56
been identified. Determination of the resonance parameters57
of the first excited state is a vital test of our understanding58
of the structure of Ξ resonances, where one of candidates for59
the first excited state is Ξ(1690) with a three-star rating on a60
four-star scale [3], the second one is Ξ(1620) with one-star61
rating, and another excited state is Ξ(1820) with a three-star62
rating [3], for which the spin was previously determined to be63
J = 32 [20], and subsequently the parity was determined to be64
negative and the spin confirmed to be JP = 32
−
by another65
experiment [21].66
In this Letter, we present a measurement of the Born cross67
section and the effective form factors (EFF) [10] for the pro-68
cess e+e− → Ξ−Ξ¯+, an estimation of the upper limit on69
ΓeeB(ψ(4230)/ψ(4260) → Ξ−Ξ¯+) at the 90% confidence70
level (CL), and the observation of an excitedΞ baryon at 182071
MeV/c2. The dataset used in this analysis corresponds to a to-72
tal of 11.0 fb−1 of e+e− collision data [10] collected at center-73
of-mass (CM) energies from 4.009 GeV to 4.6 GeV with the74
BESIII detector [22] at BEPCII [23] .75
The selection of e+e− → Ξ−Ξ¯+ events with a full recon-76
struction method has low-reconstruction efficiency. Here, to77
achieve higher efficiency, a single baryon Ξ− tag technique78
is employed, i.e., only one Ξ− baryon is reconstructed by the79
π−Λ decay mode with Λ → pπ− , and the anti-baryon Ξ¯+80
is extracted from the recoil side (unless otherwise noted, the81
charge-conjugate state of the Ξ− mode is included by default82
below). To determine the detection efficiency for the decay83
e+e− → Ξ−Ξ¯+, 100,000 simulated events are generated for84
each energy point according to phase space using the KKMC85
generator [24], which includes the ISR effect. The Ξ− is sim-86
ulated in its decay to the π−Λ mode with the subsequent de-87
cay Λ → pπ− via EVTGEN [25], and the anti-baryons are88
allowed to decay inclusively. The response of the BESIII de-89
tector is modeled with Monte Carlo (MC) simulations using a90
framework based on GEANT4 [26]. Large simulated samples91
of generic e+e− → hadrons events (‘inclusive MC’) are used92
to estimate background conditions.93
Charged tracks are required to be reconstructed in the main94
drift chamber (MDC) with good helical fits and within the an-95
gular coverage of the MDC (| cos θ| < 0.93, where θ is the96
polar angle with respect to the e+ beam direction). Informa-97
tion from the specific energy deposition (dE/dx) measured in98
the MDC combined with the time-of-flight (TOF) is used to99
form particle identification (PID) confidence levels for the hy-100
potheses of a pion, kaon, and proton. Each track is assigned to101
the particle type with the highest CL. Events with at least two102
negatively charged pions and one proton are kept for further103
analysis.104
To reconstruct Λ candidates, a secondary vertex fit is ap-105
plied to all pπ− combinations; the ones characterized by106
χ2 < 500 are kept for further analysis. The pπ− invari-107
ant mass is required to be within 5 MeV/c2 of the nominal108
Λ mass, determined by optimizing the figure of merit S√
S+B
109
based on the MC simulation, where S is the number of signal110
MC events and B is the number of the background events ex-111
pected from simulation. To further suppress background from112
non-Λ events, theΛ decay length is required to be greater than113
5zero, where negative decay lengths are caused by the limited114
detector resolution.115
The Ξ− candidates are reconstructed with a similar strategy116
using a secondary vertex fit, and the candidate with the min-117
imum value of |Mpi−Λ − mΞ− | from all π−Λ combinations118
is selected, where Mpi−Λ is the invariant mass of the π
−Λ119
pair, and mΞ− is the nominal mass of Ξ
− from the PDG [3].120
FurtherMpi−Λ is required to be within 10MeV/c
2 of the nom-121
inal Ξ− mass, and the Ξ− decay length LΞ− is required to be122
greater than 0.123
To obtain the anti-baryon candidates Ξ¯+, we use the distri-124
bution of mass recoiling against the selected π−Λ system,125
M recoilpi−Λ =
√
(
√
s− Epi−Λ)2 − |~ppi−Λ|2, (1)
where Epi−Λ and ~ppi−Λ are the energy and momentum of the126
selected π−Λ candidate in the CM system, and
√
s is the127
CM energy. Figure 1 shows the distribution of Mpi−Λ versus128
M recoil
pi−Λ for all 15 considered energy points.129
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FIG. 1. Distribution of Mpi−Λ versus M
recoil
pi−Λ
for sum of 15 energy
points. The dashed lines denote the Ξ− signal region.
The signal yields for the decay e+e− → Ξ−Ξ¯+ at each130
energy point are determined by performing an extended max-131
imum likelihood fit to theM recoil
pi−Λ spectrum in the range from132
1.2 GeV/c2 to 1.5 GeV/c2. In the fit, the signal shape for the133
decay e+e− → Ξ−Ξ¯+ at each energy point is represented by134
the simulated MC shape. After applying the same event se-135
lection as the data on the inclusive MC samples at each CM136
energy, it is found that few background events remain at each137
energy point coming from e+e− → π+π−J/ψ, J/ψ → ΛΛ¯138
events, and they are distributed smoothly in the region of inter-139
est and can be described by a second-order polynomial func-140
tion. Figure 2 shows the M recoil
pi−Λ distributions for the decay141
e+e− → Ξ−Ξ¯+ at each energy point.1423
The Born cross section for e+e− → Ξ−Ξ¯+ is calculated by144
σB(s) =
Nobs
2L(1 + δ)|1 + Π|ǫB(Ξ− → π−Λ)B(Λ→ pπ−) ,
(2)
where Nobs is the number of the observed signal events, L is145
the integrated luminosity related to the CM energy, (1 + δ)146
is the ISR correction factor, |1 + Π| is the vacuum polar-147
ization correction factor, ǫ is the detection efficiency, and148
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FIG. 2. Fit to the recoil mass spectra of π−Λ at each energy point in
units of MeV/c2. Dots with error bars are data, the blue solid lines
show the fit result, the red short-dashed lines are for signal, and the
red long-dashed ones are for the smooth background.
B(Ξ → π−Λ) and B(Λ → pπ−) are the branching fractions149
taken from the PDG [3]. The ISR correction factor is obtained150
using the QED calculation as described in Ref. [27] and taking151
the formula used to fit the cross section measured in this anal-152
ysis parameterized after two iterations as input. The measured153
cross sections and EFFs are shown in Fig. 3 and summarized154
in the Supplemental Material [10]. The Supplemental Ma-155
terial also contains the details of the cross section and EFF156
calculations.157
A maximum likelihood method is used to fit the dressed158
cross section σdressed = σB|1 + Π| for the process e+e− →159
Ξ−Ξ¯+ parameterized as the coherent sum of a power-law160
function plus a Breit-Wigner (BW) function for ψ(4230) or161
ψ(4260),162
σdressed(
√
s) = |c0
√
P (
√
s)
sn
+ eiφBW(
√
s)
√
P (
√
s)
P (M)
|2,
(3)
where the mass, M , and total width, Γ, are fixed to the163
ψ(4230)/ψ(4260) resonance with PDG values [3], φ is the164
relative phase between the BW function,165
BW(
√
s) =
√
12πΓeeBΓ
s−M2 + iMΓ , (4)
and power function, n is a free fit parameter, and P (
√
s) is the166
6two-body phase space factor. The ψ(4230) and ψ(4260) →167
Ξ−Ξ¯+ processes are found to be not significant. There-168
fore, upper limits on the products of the two-electron partial169
width and the branching fractions of ψ(4230) and ψ(4260)→170
Ξ−Ξ¯+ (ΓeeB) at the 90% confidence level are estimated using171
a Bayesian approach [28] to be ΓeeBψ(4230) < 0.33×10−3 eV172
and ΓeeBψ(4260) < 0.27 × 10−3 eV taking into account the173
systematic uncertainty described later. Here the masses and174
widths of ψ(4230) and ψ(4260) are changed by all combina-175
tions of ±1σ, and the estimation of the upper limits repeated.176
The largest ones are taken as the final results. Figure 3 shows177
the fit to the dressed cross section assuming theψ(4230) or the178
ψ(4260) resonance. Including systematic uncertainties, the179
significance for both resonances is calculated to be about 2.0σ.180
The EFF for e+e− → Ξ−Ξ¯+ is calculated by the for-181
mula [10],182
|Geff(s)| =
√√√√ 3sσB
4πα2Cβ(1 +
2m2
Ξ−
s
)
, (5)
where α is the fine structure constant,mΞ− is the mass of Ξ
−,183
the variable β =
√
1− 1
τ
is the velocity, τ = s
4m2
Ξ−
, and184
the Coulomb correction factor C [29, 30] parameterizes the185
electro-magnetic interaction between the outgoing baryon and186
anti-baryon. For neutral baryons, the Coulomb factor is unity,187
while for point-like charged fermionsC = piα
β
·
√
1−β2
1−e−
piα
β
[31–188
33]. Figure 3 shows the measured EFFs of e+e− → Ξ−Ξ¯+.189
1901
Based on the selected data for the sum of 15 energy points,192
an excited Ξ baryon is observed in the M recoil
pi−Λ range from193
1.6 GeV/c2 to 2.1 GeV/c2. Figure 4 shows a fit to the recoil194
mass spectrum of π−Λ, where the signal is described by a195
BW function convolved with a double Gaussian function, and196
the background is described by a 2nd order Chebyshev poly-197
nomial, where the resolution width of Gaussian function is198
fixed according to the MC simulation. The number of signal199
events is 288 ± 66, and the mass and width are measured to200
beM = (1825.5± 4.7)MeV/c2 and Γ = (17.0± 15.0)MeV,201
where the uncertainties are statistical only. The statistical sig-202
nificance of the 1820 MeV resonance is estimated to be 5.1203
standard deviations.204
Systematic uncertainties on the measurements of the cross205
section originate from the luminosity measurement, branch-206
ing fractions of Ξ− → π−Λ and Λ → pπ−, detection ef-207
ficiency, ISR correction factor, line-shape structure, angular208
distribution, and the fit procedure. The uncertainty due to the209
vacuum polarization is negligible. The integrated luminosity210
is measured with a precision of 1.0% [34]. The branching211
fraction uncertainties for Ξ− → π−Λ and Λ → pπ− are212
0.1% and 0.8% from the PDG [3]. The systematic sources213
of the uncertainty for the detection efficiency include the Ξ−214
reconstruction, the mass windows of Ξ−/Λ, and the decay215
lengths of Ξ−/Λ. The Ξ− reconstruction is studied using the216
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FIG. 3. Top: cross section (points with error bars) and EFF (open
boxes with error bars). Bottom: fits to the dressed cross sections
at CM energies from 4.009 to 4.6 GeV with the assumptions of a
power-law function plus a ψ(4230) resonance function (Left) and a
ψ(4260) resonance function (Right), where the dots with error bars
are the dressed cross sections and the solid lines show the fit results.
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same method as described in Ref. [35], and an uncertainty of217
6.6% is found. The mass windows of Ξ− and Λ are studied218
by varying the nominal requirements by 5.0 MeV/c2, which219
yield uncertainties of 0.7% and 3.2%, respectively. The decay220
lengths of Λ and Ξ− are studied with and without the nominal221
requirements, and the uncertainties are estimated to be 1.5%222
and 1.7%, respectively. For the ISR correction factor, we iter-223
ate the cross section measurement until (1 + δ)ǫ converges as224
described in Ref. [36]. The change due to the different criteria225
for convergence is taken as the systematic uncertainty. The226
uncertainty due to the line-shape structure is estimated to be227
74.8% with the assumption of ψ(4230)/ψ(4260) → Ξ−Ξ¯+.228
The uncertainty due to the angular distribution is estimated to229
be 4.0% by weighting the cos θΞ difference for each bin be-230
tween the data and the phase space MC model, where the θΞ231
is the angle between Ξ and the beam directions in the e+e−232
CM system [35]. The systematic sources of the uncertainty233
in the fit of theM recoil
pi−Λ spectrum include the fitting range, the234
polynomial shape, the mass resolution, the signal shape the235
mass windows of Ξ−/Λ, and the decay lengths of Ξ−/Λ. The236
uncertainty due to the fit range is estimated to be 3.3% by237
varying the mass range by ±50MeV/c2. The uncertainty due238
to the polynomial function is estimated to be 3.3% by alterna-239
tive fits with a third- or a first-order polynomial function. The240
mass resolution is studied by varying the nominal signal shape241
convolved with a Gaussian function, and the yield difference242
is taken as a systematic uncertainty, which is 4.0%. The effect243
due to the signal shape is studied by varying the resolution244
in the convolution of the Breit-Wigner with a Gaussian func-245
tion. This gives an uncertainty of 3.2%. The effect of the MC246
statistics on the used signal shape is studied by using an MC247
sample with only 10% of the events compared to the nomi-248
nal fit, and the uncertainty is 0.5%. Assuming all sources to249
be independent, the total systematic uncertainty on the cross250
section measurement for e+e− → Ξ−Ξ¯+ is determined to be251
12.7% by the quadratic sum of these sources.252
Systematic uncertainties on the measurements of the mass253
and width for the excited Ξ state mainly originate from the254
fit range, the background shape, the mass resolution and the255
signal shape. The fit range, the background, and signal shapes256
are studied with the same method as above with mass uncer-257
tainties of 1.5 MeV /c2, 1.3 MeV/c2, and 1.9 MeV/c2, and258
width uncertainties of 5.6 MeV, 3.4 MeV and 4.5 MeV, re-259
spectively. The mass uncertainty due to the mass resolution is260
determined to be 3.8 MeV/c2 by calibrating the resolution dif-261
ference in the Ξ− mass region with the full data sample. The262
total systematic uncertainties of mass and width are calculated263
to be 4.7 MeV/c2 and 7.9 MeV, respectively, by summing in-264
dependent systematic sources in quadrature.265
In summary, using a total of 11.0 fb−1 of e+e− collision266
data above the open-charm threshold collected with the BE-267
SIII detector at the BEPCII collider, we have studied the pro-268
cess e+e− → Ξ−Ξ¯+ based on a single baryon tag technique.269
We have measured fifteen exclusive Born cross sections and270
EFFs in the range from 4.009 to 4.6 GeV/c2, where the form271
factors for the process e+e− → Ξ−Ξ¯+ have not been previ-272
ously measured due to limited statistics. A fit to the dressed273
cross section for e+e− → Ξ−Ξ¯+ with the assumptions of274
a power law dependence for continuum plus a ψ(4230) or275
ψ(4260) resonance is performed, and no significant signal for276
the processesψ(4230) or ψ(4260)→ Ξ−Ξ¯+ is observed. The277
upper limits on the products of the electronic partial width and278
the branching fractions of ψ(4230) and ψ(4260) → Ξ−Ξ¯+279
are measured to be ΓeeBψ(4230) < 0.33 × 10−3 eV and280
ΓeeBψ(4260) < 0.27 × 10−3 eV at 90% CL, which may281
help to understand the nature of Y (4260) [37, 38]. In par-282
ticular, charmless decays of the Y (4260) are expected by283
the hybrid model [38]. In addition, an excited Ξ baryon284
at ∼1820 MeV/c2 is observed with a statistical significance285
of 5.1σ, and the mass and width are measured to be M =286
(1825.5±4.7±4.7)MeV/c2 andΓ = (17.0±15.0±7.9)MeV,287
which are consistent with the mass and width of Ξ(1820)−288
obtained from the PDG [3] within 1σ uncertainty. The re-289
sults shed light on the structure of hyperon resonances with290
strangeness S = −2.291
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Supplemental Material
The
√
s is the e+e− CM energy [1], L is the integrated luminosity of each data set updated measurement with the same method
as Ref. [2], the vacuum polarization correction factor |1 +∏ |, the ISR correction factor 1 + δ , the detection efficiency ǫ, the
number of signal events (the number of signal events for the upper limit estimation) Nobs(N
UL
obs), the Born cross section σ
B ,
the effective form factor |Geff(s)| and statistical significances S(σ) for 15 energy points are summarized in Table I, where the
double counting effect for statistical uncertainties are taken into account based on MC simulation.
TABLE I. The e+e− → Ξ−Ξ¯+ cross section and effective form factor from 15 energy points. The first uncertainties are statistical, and the
second ones are systematic uncertainties.
√
s (GeV) L (pb−1) |1 +∏ | 1 + δ ǫ(%) Nobs(NULobs) σB (fb) |Geff (s)| ×10−3 S(σ)
4.0076 482.0 1.05 0.95 29.74 ± 0.13 24.9 ± 5.9 136.4 ± 36.2 ± 17.3 6.4 ± 0.9 ± 0.4 4.0
4.1783 3189.0 1.05 1.06 26.80 ± 0.12 127.9 ± 14.2 106.3 ± 13.2 ± 13.5 6.0 ± 0.5 ± 0.4 10.0
4.1888 524.6 1.06 1.06 28.48 ± 0.12 10.2 ± 4.5 (<16.7) 47.6 ± 23.5 ± 6.0 (<89.3) 4.0 ± 1.0 ± 0.3 (<5.5) 2.0
4.1989 526.0 1.06 1.07 26.74 ± 0.12 15.5 ± 5.1 76.8 ± 28.3 ± 9.8 5.1 ± 1.0 ± 0.3 3.0
4.2092 518.0 1.06 1.07 26.60 ± 0.12 10.7 ± 5.1 (<18.3) 53.6 ± 28.6 ± 6.8 (<105.0) 4.3 ± 1.2 ± 0.3 (<6.0) 2.0
4.2187 514.6 1.06 1.07 26.34 ± 0.12 29.0 ± 5.4 147.8 ± 30.8 ± 18.8 7.1 ± 0.8 ± 0.5 5.0
4.2263 1056.4 1.06 1.08 26.24 ± 0.11 39.8 ± 7.7 98.2 ± 21.3 ± 12.5 5.8 ± 0.7 ± 0.4 4.5
4.2357 530.3 1.06 1.09 26.11 ± 0.11 13.8 ± 4.9 67.6 ± 26.9 ± 8.6 4.9 ± 1.0 ± 0.3 3.0
4.2438 538.1 1.06 1.09 25.84 ± 0.11 20.0 ± 4.5 97.5 ± 24.6 ± 12.4 5.8 ± 0.8 ± 0.4 4.0
4.2580 828.4 1.05 1.09 26.66 ± 0.11 22.3 ± 6.1 69.1 ± 21.2 ± 8.8 4.9 ± 0.8 ± 0.3 3.5
4.2668 531.1 1.05 1.10 25.44 ± 0.11 17.7 ± 5.3 88.9 ± 29.8 ± 11.3 5.6 ± 1.0 ± 0.4 3.0
4.2777 175.7 1.05 1.09 25.50 ± 0.11 5.0 ± 2.2 (<8.1) 76.4 ± 37.6 ± 9.7 (<141.7) 5.2 ± 1.3 ± 0.3 (<7.1) 2.0
4.3583 543.9 1.05 1.14 23.66 ± 0.10 14.0 ± 3.7 71.7 ± 21.1 ± 9.0 5.2 ± 0.8 ± 0.3 3.0
4.4156 1043.9 1.05 1.16 22.79 ± 0.10 17.3 ± 5.2 46.8 ± 15.7 ± 6.0 4.3 ± 0.8 ± 0.3 3.0
4.5995 586.9 1.05 1.26 20.50 ± 0.10 5.4 ± 3.9 (<10.1) 26.6 ± 21.5 ± 3.4 (<56.9) 3.4 ± 1.4 ± 0.2 (<5.0) 1.0
Assuming that one-photon exchange e+e− → γ∗ → BB¯ is the dominating process, then the differential cross section can
be straight-forwardly parameterized in terms of electric and magnetic form factors GE and GM . These are assumed to be the
continuous functions of the momentum transfer squared, s = q2.
The differential cross section for the process e+e− → γ∗ → Ξ−Ξ¯+ is given [3] by
dσB(s)
dΩ
=
α2βC
4s
[|GM (s)|2(1 + cos2 θ) + 1
τ
|GE(s)|2 sin2 θ], (1)
Integrating over the full solid angle for Eq. 1, we get
σB(s) =
4πα2Cβ
3s
[|GM (s)|2 + 1
2τ
|GE(s)|2], (2)
and then, we can define the effective form factor Geff(s) [4] with a linear combination of the electric and the magnetic from
factor as
|Geff(s)| =
√
2τ |GM (s)|2 + |GE(s)|2
2τ + 1
. (3)
From Eq. 2 and Eq. 3, the effective from factor can be further expressed by,
|Geff(s)| =
√
σB(s)
(1 + 12τ ) · (4piα
2Cβ
3s )
=
√√√√ 3sσB
4πα2Cβ(1 +
2m2
Ξ−
s
)
=
√√√√ 4.48× 103σB
C
s
√
1− 6.988GeV 2
s
(1 + 3.49GeV
2
s
)
, (4)
the error of |Geff(s)| can be propagated to be
δ|Geff (s)| =
1
2
C′
√
1
σB
· δσB , (5)
where δσB is error of σ
B .
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